Introduction
Research Data Management (RDM) is becoming increasingly important as data is growing in unprecedented volumes. Nor is it enough simply to store and preserve data: curation and stewardship are necessary to ensure that information (metadata and provenance information) is added that allows data to be reused and ultimately allows value to be extracted from data. Good research practice, International multidisciplinary scientific dialogue between representatives of various fields of knowledge was encouraged and facilitated at CODATA 2017. The conference examined and encouraged Open data principles and their substantiation in the FAIR data principles (which argue that in order to have greatest value for science and innovation, data should be Findable, Accessible, Interoperable and Re-usable) [Wilkinson et al., 2016] . A major source of inspiration for this aspect of the conference was the principles and enabling practices that are described in the international accord "Open Data in a Big Data World" [Science International, 2015] initiated by CODATA. The accord identifies the opportunities and challenges of the data revolution as one of today's predominant issues of global science policy. Organized in 2015, the accord was the output of the first of a proposed series of annual meetings of the four top-level international scientific bodies: the International Council for Science -ICSU, the InterAcademy Partnership -IAP, The World Academy of Sciences -TWAS and the International Social Science Council -ISSC. Indeed, it is these four international bodies that can aspire to represent the global scientific community in international science policy and diplomacy, along with IIASA -International Institute for Applied Systems Analysis [Johansson et al., 2012] .
The St. Petersburg conference covered a wide range of topics related to data science. It featured discussions covering the collection and processing of large amounts of data, the implementation of system analysis methods into data science, machine learning, data mining, pattern recognition, decision-making robotics and algorithms of artificial intelligence. During four days of the conference, more than 160 scientific talks were presented in 25 sessions. On the occasion of the conference several business meetings and workshops were organized and were devoted for example to the Data Citation principals, geomagnetic studies, the role of the geoinformatics in the modern data world and to numerous other topics. Among the topics featured in scientific sessions were Data Science applications in Earth and planetary sciences, data mining for seismic hazard and risk assessment and earthquake prediction, Earth observing systems and data for global energy (oil and gas extraction and carbon dioxide storage), Big Data in mining and metallurgical technologies, geospatial data and applications in Earth sciences, and other topics.
The conference was opened with welcoming speeches from the leading members of the program committee. The outstanding Russian informatics scientist, Vladimir Vasiliev, rector of the Saint-Petersburg National Research University of Information Technologies, Mechanics and Optics (ITMO), served as chairman of the conference program committee. In his short opening speech he emphasized the tremendous impact of modern Data Science and information technologies on all aspects of human life and activity.
Geoffrey Boulton -member of the British Royal Society and President of CODATA; Heide Hackman -Executive Director of ICSU; Alexei Gvishiani -vice-chair of the IIASA council and chair of CODATA-Russia, member of RAS and Academia Europaea; Pavel Kabat -Director General and Chief Executive Officer of the International Institute for Applied Systems Analysis (IIASA); ES4002 rybkina et al.: codata and global challenges ES4002
Alevtina Chernikova -rector of National University of Science and Technology MISIS, awardee of the Government of the RF prize in the field of education; greeted the audience at the opening of the conference by formulating its goals, topics and directions of discussions. Phenomenon of BIG data nowadays is one of the key issues in the modern scientific community. Extreme growth of data volumes among the wide range of research topics cause new challenges in data collection, storage and processing. These challenges are cross cutting among the conference sessions and panel discussion.
The scientific program of the conference, with a versatile and interdisciplinary format, was organized as a series of sessions thematically clustered over specific areas and topics of the Data Science and its applications to various scientific, social and economic or industrial sectors.
As a rule, morning sessions began with invited plenary lectures. Among the invited speakers the audience met internationally highly recognized scientists from leading national and international research organizations and universities. Professor Pavel Kabat (IIASA, Austria), made a presentation on Data Diplomacy and its role in the modern world [Kofner et al., 2017] . Professor Fred Roberts, Director of CCICADA Rutgers University (USA), the author of more than 200 data scientific papers, formulated the principles of determining Big Data and possible scenarios of developments in this area [DiRenzo et al., 2015; Nelson et al., 2014] . Barbara Ryan, Director of the Intergovernmental Group of Earth Observations (GEO, Switzerland), highlighted the topic of studying the Earth from space and principles of general economic theory in the modern world regarding development of geo observation systems. Renowned Russian economist and rector of the Russian Academy of National Economy and Public Administration (RANEPA, Russia) Vladimir Mau delivered a lecture about current state of data science and its role in the evolution of human cognition [Mau, 2015] . Catriona MacCallum, director of Open Science for the Hindawi Publishing Corporation, presented in her lecture the importance of open publications and surveyed current issues in publishing data. CODATA President, Professor Geoffrey Boulton's lecture was called "Symphony of Data". In this "symphony", he attractively presented a narrative and analysis of scientific development and its modern challenges.
Conference speakers highlighted in their talks the importance of the missing aspects and exemplified the usage of the current Open Data strategies as well as the importance role of research data publishing and dissemination. Many speakers discussed relevant problems of data publication from the point of view of new tools and services that make publishing data easier and more effective, as well as self-sustainable [CODATA, 2015; Costello, 2009; Hey et al., 2009; Parsons and Fox, 2013] .
As the world is becoming more complex and interdependent, risks are becoming systemic. The conviction that science and technology, if wisely directed, can benefit all humankind; the belief that international co-operation between national institutes promotes co-operation between nations and so the economic and social progress of peoplesthis is the major, fundamental and important philosophy of IIASA.
Speakers focused on global environmental change and drew attention to the unprecedented amount of data about health of the planet that provides great opportunities but also poses immense challenges for scientific analysis. A key challenge is to aggregate data from multiple sources with potentially questionable quality and credibility and obtain useful "information" as a result.
Also key issues were highlighted: collaboration at national, regional and international levels is essential -including hyper-partnering, radical sharing (e.g. creating true interdependencies similar to those that exist in healthy (biological) ecosystems); international policy agendas must be supported, leveraged and implemented; and broad, open data policies must be advanced to leverage existing and planned investments in Earth observations and geospatial data.
The major problematic boundaries of open data principles: safety and security, privacy and confidentiality, public/private interface and legal frameworks and principles. To understand the necessity of open data, one should remember the beautiful and apposite quotation from George Bernard Shaw: "If you have an apple and I have an apple and we exchange these apples, then you and I will still each have one apple. But if you have an idea and I have an idea and we exchange these ideas, then each of us will have two ideas."
The most thoroughly covered thematic do- Corresponding thematic sessions addressed first of all national policies and international perspectives of Open Data and Open Science program, as well as survey progress towards these objectives in a wide range of countries.
Reflecting these drivers, a growing number of funders and scholarly journals have developed research data policies. The presentations and discussion testified to the growing consensus that research data should be "open by default" and FAIR.
Data Science Applications
An important topic of the conference concerned the effective management and dissemination of historical disaster data. Data is an essential resource for disaster reduction and response, as exemplified by the quick response maps from observed data, the disaster loss information from multidisciplinary data, the knowledge and decision from mass information, the advice to post-disaster construction from stakeholders and the early warning and risk research from data simulation. The multidisciplinary data and records of a given disaster event are the historical documents for further disaster research, just as medical examination data are an essential resource for studying human illness. However, many historical datasets for particular natural disaster events have been lost after decades, even when those events had great destructive impacts with a high profile which attracted a great humanitarian response at the time [Frolova et al., 2010] .
In recent years, there was a surge in the attention given to the collection, preservation and data sharing of historical disaster data. More and more such datasets can be discovered and made accessible. But still a relatively small proportion of disaster datasets are published to make them really trustful, copyright-clear, and cited. CODATA Task Group of Linked Open Data for Global Disaster Risk Research works to promote data publishing of event-oriented disaster datasets, as an approach to manage the disaster related data.
Another important topical issue that was discussed is collaboration of stakeholders within the Data Science community on the regional level. The issues of Big Data, as well as Small Data, are common among different projects in regional collaborations. Therefore, the database construction for Data Science will be of common practice for regional groups. However, such databases constructed through regional collaboration may be quite specific to the region, discipline or language under consideration and, thereby, there will be a significant problem on how the regional efforts can be coordinated with a larger-scaled international collaboration along with funding issues.
Artificial intelligence (AI) [Gvishiani et al., 2002] , such as machine learning, text and factographic data mining, as well as deep learning and IOT (Internet of Things) / IOE (Internet of Every-thing) have become prevalent as crucial versatile methodologies and technologies for conducting Data Science. Because these are in the middle of mainstream developments, sharing the most advanced technologies may be faced by a variety of problems such as digital divide between regions and challenges of reconciling Intellectual property (IP).
The speakers at the relevant session "Regional Collaboration for Data Science" presented case studies for regional collaborations with the aim of identifying the challenges in conducting Data Science through various levels of regional collaboration such as intra-domestic regions, bilateral nations, and much larger regions like the whole Pacific Rim. The session demonstrated the increasing importance of well-established scientific network on a global scale, where CODATA national member organizations and regional committees could play a key role and provide an efficient tool for its collaboration [Aitsi-Selmi et al., 2016; Karmen et al., 2017] .
A significant thematic domain covered by the conference, were the modern applications of Data Science. Nowadays, solutions to many problems, that could not be solved earlier, have become pos- [Sheremet, 2013] .
Formulations of the problems of a creation of the new sort of KBS, the methodology, mathematical methods, informatics techniques, and tools for a creation of KBS was discussed in detail at a special thematic session, entitled "Data Driven Knowledge-Based Systems for Basic and Applied Sciences: Combustion, Detonation, Nanotechnology, Renewable Energetics, etc." The best practice and examples of KBS created in various areas of basic and applied research of combustion, nanotechnology, Materials Genome, solar energetic, socio-economic systems, etc. were presented and discussed. Two analytical platforms "Deductor" [https://basegroup.ru/deductor/description] and "PolyAnalyst" [http://www.megaputer.ru/ polyanalyst.php], that provide necessary tools for KBS creation were presented at the session. These examplar platforms demonstrate the possibilities of offered by Data Science methods, as applied in the generalization of the connections between the object experimental variables, as well as in forecasting of "new experimental results" without real experiments [Abrukov et al., 2007; Guhr et al., 1998; Bobyl A. et al., 2016 , Generalized Radon-Nikodym Spectral Approach. Application to Relaxation Dynamics Study, https://arxiv.org/abs/1611.07386].
Another session discussed the applications of Data Science and the Coordination of Data Standards and Interoperability in Agricultural Research. Current efforts to define, implement and coordinate agricultural research data standards are driven by issues related to interoperability, cost and quality. In addition, the aspiration to obtain greater value from existing agricultural datasets, agricultural productivity concerns, and desires to accelerate the transfer of agricultural research findings to the user community are critical factors that call for effective coordination. Recent opportunities in agricultural research data to drive change in the next decade, coupled with the current emphasis on adoption of Big Data solutions and the Data Cubes concept in the agriculture sector, underscore the urgent need for coordination of data standards and interoperability in agricultural research. The speakers of the panel session "Coordination of Data Standards and Interoperability in Agricultural Research: Gaps, Over-laps, Challenges and Future Directions" reviewed the motivations and requirements for standardization of agricultural research data, and the current state of standards development, interoperability issues and adoption -including gaps and overlaps -in the agriculture sector [Kondrashov, 2015] .
In addition, multidisciplinary sessions were organized, dealing with the principles of citation and publication of data, data policy and diplomacy, smart cities, regional co-operation in the science of data, management of research data at universities, co-ordination of data standards, open data in education [Costello, 2009; Rauber A. et. al., 2015 
Data Science and Earth and Planetary Studies
Data Science plays a pivotal role in the Earth and planetary sciences. In recent decades, the demand for information about our planet has driven the creation of new highly capable observing and collection systems. Environmental observations are critical for forecasting weather and climate, monitoring geophysical fields, volcanoes, seismicity, tsunamis, etc. and in assessing the recovery from disasters [Bondur, 2016; Frigg et al., 2015; Fuss et Janssen, 2010; Reissell, 2016; Zlotnicki et al., 2005] . In this scenario, Earth observation technologies are developing rapidly to collect data from diversified locations over shorter periods of time. In turn, the datasets generated can be combined and analyzed to gain new scientific insights. How is it possible to create an integrated system for Earth and environmental observation, collection and analysis in order to manage the increasing volume of data allowing easy access by the research and civil community? Each of the topic areas requires a range of measurements derived from a variety of platforms including satellite, airborne and in situ sources. Merging observed data with geospatial analysis allows the generation of better knowledge of natural processes and risk management.
The relevant thematic sessions of the conference provided cutting edge insights into creation of integrated systems for Earth and environmental observations, their data collection and analysis in order to manage efficiently the increasing data volumes and provide easy access to the research and civil communities. The speakers considered the stateof-the-art and perspectives in data science relevant to Earth observations and environmental research.
Among other topics, concerning Data Science applications in studying our planet, the aspect of geospatial information was covered. Geospatial information and corresponding technologies are essential in a wide range of applications and research sectors, supporting planning and decision making in the academic, governmental, commercial, and non-profit domains. To foster the growing demand of geospatial data, tools, technologies, and expertise scientific and governmental institutions across the globe are developing reliable geospatial information infrastructures and implementing appropriate policies. The thematic session "Geospatial data and applications in Earth's sciences" focused on the topical issues in the area of geospatial data and technologies in Earth sciences. Among other issues, this session explored the problems of organization and management of the vast arrays of geospatial information, which is acquired at many levels and that has a variety of potential uses [Odintsova et al., 2017; Rybkina et al., 2016] .
A special scientific session was devoted to the application of Big Data in mining and metallurgy. It was entitled "Big Data in Mining and Metallurgical Technologies: Applications and Prospects". The spectrum of Big Data applications in these sectors is rather extensive. It covers both the flows of billions of discrete particles with individual properties, requiring description and testing, and the need to create specialised digital databases and models. The latter are required for processing optimization for natural and technogenic mineral raw materials, as well as for artificial ones. This session encompassed a discussion of the current tasks and prospects for collecting, storing, processing and analyzing Big Data sets and making of important management and production-related decisions in the mining and metallurgical industries based on respective studies. The session speakers discussed in detail the applicable platform solutions offered by the leading IT-companies for implementing sectoral tasks, as well as the existing methods and tools for analyzing Big Data, considering characteristic features of these industries [Vaisberg, 2015] .
Among the Earth sciences applications, covered by the conference sessions, a session was devoted to the issues of data mining and systems analysis aimed at seismic hazard and risk assessment, earthquake prediction and to the data that are needed for these purposes. The session examined and discussed the results obtained by the creation and development of the phenomenological, system, and geoinformational approaches to the multivariate seismic hazard assessment based on artificial intellect algorithms. Also considered were the results of carrying out the seismic hazard assessment for specific tectonically active regions by means of these approaches and representation of the results using GIS technologies [Gvishiani et al., 2013] .
Thematic sessions on disaster risk research also included the session on study of natural hazards and risk assessment. In particular, the results of the Russian Science Foundation project No. 15-17-30020 "Application of system analysis for estimation of seismic hazard in the regions of Russia, including the Caucasus-Crimea and Altai-SayanBaikal region" were reported. This project was aimed at solving the problem of adequate seismic hazard assessment in seismically active regions of Russia (the Caucasus-Crimea and the Altai-Sayany-Baikal), as well as the development of new methods of seismic hazard assessment and the improvement of existing ones. FCAZm (Fuzzy Clustering And Zoning modernized), an advanced version of the algorithmic system for determining earthquake-prone areas was introduced. It includes elements of artificial intelligence and pertains to the methodology of advanced system analysis. Morphostructural zoning and the FCAZ algorithmic system were used for integrated comparison and systems analysis of the results of strong earthquake prone areas recognition, obtained for the Altai-Sayany-Baikal region (Figure 1) . These results were compared with the ones obtained for the Caucasus-Crimea region. The main conclusion from this analysis is that the identification of strong earthquake prone areas allows us to refine significantly the seismic hazard assessment for tectonically active regions. It facilitates the creation of the information basis for developing measures of damage reduction for civil and industrial infrastructure objects from seismic impacts [Gvishiani et al., 2016 [Gvishiani et al., , 2017 .
Among other questions discussed were the integrated research on earthquake disaster risk, the scientific and educational aspects of such risk reduction, new approaches to seismic hazard assessment, observing and modeling capabilities to reduce uncertainties in hazard assessment, a contribution of hazard and vulnerability to earthquake risk, scientific, economic and political factors as well as the factors of awareness, preparedness and risk communication, which brought about the humanitarian tragedies of the early 21st century, and trans-disciplinary system approaches to disaster risk research and assessment. The session also fostered a broad forum to study the great earthquakes and tsunami occurring in subduction zones using the modern GPS observation in the framework of the keyboard model of deformation cycles of frontal seismogenic blocks of the island arcs and active continental margins [Ismail-Zadeh et al., 2016; Lobkovsky, 1982] .
The Earth and Planetary part of the conference scientific program included the session "Earth observing systems and data for global energy, oil and gas extraction and carbon dioxide storage". The subject of session was especially relevant in the context of the continuous development of the oil and gas industry. The session speakers in their talks touched the aspects of creation of geospatial database for oil and gas deposits, drilling perspectives and geomagnetic survey for directional drilling, and digital geological exploration. One of the topics touched within the session was an inextricable link between rapid development of petroleum industry and rapid deterioration of the environmental situation. Solving these problems is important for the future in the context of minimization of adverse impact on environment and reduction of natural and social disasters.
The further large-scale development of the oil and gas industry implies vast social and structural transformations. According to the Global Energy Assessment (GEA), in 2005, about 78% of the world's energy was based on fossil energy sources, which fully provided more than half of the world's population with energy resources, the cost of which was lower than ever. Figure 2 reflects the explosive growth of global primary energy with two distinct stages of development. The first one is characterized by transition from traditional energy sources (such as lumber) to coal, and then to oil and gas. Hydropower, biomass and nuclear energy have a common share of almost 22% over the past decades, while renewable energy sources such as solar and wind energy are still barely distinguishable in the figure. Despite the rapid growth in total energy consumption, more than three billion people still rely on solid fuels such as traditional biomass, waste, charcoal and coal for domestic cooking and heating. The resulting air pollution leads to more than two million premature deaths per year, mostly among women and children. In addition, approximately 20% of the global population still does not have access to electricity [GEA, 2012] .
The conference scientific program also included a session "Geological data-driven science of the Arctic". The speakers discussed the issues of new geological data, including geophysical, stratigraphicpaleontological, isotope-geochronological, and tectonic, for structural-geological studies of the Arctic region and the Arctic Ocean Reissell, 2016] . The discussion of these problems and directions promoted the growth of mutual understanding between geologists of different countries and various geological schools in developing a common position on the tectonic structure of this complex and inaccessible region of the planet. This is also important in the context of the existing disputes around the political delimitation of the Arctic territory. The session stimulated the exchange of infor-ES4002 rybkina et al.: codata and global challenges ES4002 mation and technologies between geological surveys and national academies of sciences and examined the driving forces for the development of Earth sciences, including for the development of our knowledge gained from the international project "Atlas of geological maps of the Circumpolar Arctic in 1 : 5 M". Synthesis report based on the scoping phase of an emerging Arctic territory project, "Arctic Territory -Geological data and modeling" was presented in the framework of Arctic session. It reflected a variety of data related to the Arctic territories including Arctic coastal States' submissions to the United Nations Commission on the Limits of the Continental Shelf (the Commission). This initiative aims to provide a complex, multidimensional, and interdisciplinary overview of the challenges affecting the Arctic territory from a geological, economic, and political perspective, with a special focus on submissions to the Commission regarding territory over 200 nautical miles (nmi) from the coastline of the Arctic coastal States.
During other conference sessions the audience also paid considerable attention to the global energy and hydrocarbon production, terrestrial observation systems and interoperability, extraction of minerals and prospects for the application of new methods.
Conclusions
As a result of the conference, new international scientific groups were formed for further cooperation in the field of Big Data. The wide geographical coverage represented by the conference participants attests to the high profile, quality and scientific significance of this event. The conference was the first, experimental and successful attempt to bring together data specialists and scientists on the regional scale from various domains. Data issues in the modern world are characterized by their increasing importance and their growing complexity. Such international events provide higher visibility for existing studies and confront the community with the new goals and challenges.
The conference was an outstanding event in the field of scientific diplomacy and brought together more than 150 participants from 35 countries. It's success ensured the effective data science dialog between nations and continents and established a new platform for future collaboration. As major international research projects have frequently required diplomatic assistance to progress, the use of science to progress diplomatic objectives is evolving. Primarily science diplomacy is about advancing national interests, but these can be framed in three major dimensions.
First, where the primary diplomatic objective is to promote national needs through various objectives that may vary according to country size and the state of development. Secondly, there may be bilateral or regional issues where science must be part of the relationship management -for example management of cross-boundary resources or environments, agreeing standards, or crisis management. Thirdly, there is a growing number of issues where the national interest must be embedded within a commitment to the global interest. The governance of ungoverned spaces, for example the Arctic, require science to be at the base of framing governance relationships.
We are now in a position to build an effective system for integrating and managing research needs. Growing utilitarian importance of science diplomacy is reflected in various international science activities and CODATA international conference in St. Petersburg played important role in this dimension.
More information about the conference and presentations of the speakers are available on the official web site http://codata2017.gcras.ru.
